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(57)Abstract: 

PURPOSE: To provide an alloy excellent in hot workability and corrosion resistance and to 
provide its producing method. 

CONSTITUTION: This alloy excellent in hot workability and corrosion resistance in high temp, 
water is a one having a compsn. contg. ^0.03% C, ^1.0% Si, ^^.0% Mn, 35 to 43% Cr, 40 to 
57% Ni, ^0.5% Al, ^0.5% Ti. <0.03% N. Ca and Mg by ^0.0004% independently and by 0.001 
to 0.03% in total and 0.1 to 3.0% Nb, and in which O and S in impurities are regulated to ^ 
0.002% and SO.001% respectively. Moreover, hot working in which total 0.5 to 5.0% of one or 
^two kinds among Mo. W and V are incorporated according to necessary is finished at least at 
^1020°C. This alloy is excellent in SCC resistance in Cl-contg. high temp, water and having 
good hot workability. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This docunnent has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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Epitome 




(57) [Abstract] 

[Objects of the Invention] The alloy excellent in hot-working nature and corrosion resistance and its 
manufacture approach are offered. 

[Elements of the Invention] (1) C:0.03% or less. Si: 1.0% or less, Mn: 1.0% or less, Cr 35-43%, nickel:40-57%, 
aluminum: 0.5% or less, Ti: Independently, respectively 0.5% or less. N:0.03% or less, calcium. Mg : [ 0.0004% 
or more. ] In the sum total 0.001 - 0.03%. Nb : 0.1 - 3.0 % is contained and it is O in an impurity. 0.002% or 
less and S Alloy excellent in the hot-forking nature which is 0.001% or less, and the corrosion resistance in 
high temperature hot water. 

(2) Above It adds to a component given in (1). and is in total further about one sort of Mo. W. and V. or two 
sorts or more. The above of which 0.5-5.0 % content is done Alloy of (1). 

(3) The above which terminates hot working at the temperature of at least 1020 degrees C or more (1) or 
(2) The manufacture approach of an alloy. 

[Effect] The alloy of this invention is CI. - While excelling In the SCC-proof nature in content high 
temperature hot water, it has good hot-working nature. This alloy is suitable as structural members, such 
as a reactor core of the chemical processing plant put to elevated-temperature high-pressure water, or an 
atomic power plant (boiling water reactor). 
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CLAIMS 



[Claim(s)] 

[Claim 1] At weight %, they are C:0.03% or less and Si. : 1.0% or less, Mn: 1.0% or less, Cn 35-43%, nickel:40- 
57%. aluminum: 0.5% or less. Ti: Independently, respectively 0.5% or less, N:0.03% or less, calcium, Mg : 
[ 0.0004% or more, ] In the sum total 0.001 - 0.03%. and Nb : 0.1 - 3.0 % is contained, the remainder 
consists of Fe and an unescapable impurity, and it is O in an impurity (oxygen). 0.002% or less and S Alloy 
excellent in the hot-working nature which is 0.001% or less, and the corrosion resistance in high 
temperature hot water. 

[Claim 2] It adds to a component according to claim 1 . and is in total at weight % further about one sort of 
Mo, W, and V, or two sorts or more. Alloy excellent in the hot-working nature of claim 1 of which 0.5-5.0 % 
content is done, and the corrosion resistance in high temperature hot water. 

[Claim 3] The manufacture approach of the alloy according to claim 1 or 2 characterized by terminating hot 
working at the temperature of at least 1 020 degrees C or more. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to corrosion resistance and the nickel-Cr alloy which was 
especially excellent in stress-corrosion-cracking-proof nature (it is hereafter described as SCO-proof 
nature), and hot-working nature suitable as a material of the ingredient used with the gestalt of a thick 
plate, the round bar, a pipe, a container, etc. in atomic energy or a chemical processing plant. 
[0002] 

[Description of the Prior Art] As the above-mentioned ingredient used in the atomic power plant (boiling 
water reactor) and chemical processing plant which are put to elevated-temperature high-pressure water 
As [ indicate / by JP.62-9186.B, JP.59-232246A etc. ] Nb addition amelioration alloy AlloySOO (a trade 
name and a 75%nickel-15%Cr-1.8 %Nb-7%Fe alloy — ) all — weight % the same — amelioration Alloy690 
alloy (60%nickel- a 30%Cr-1 .8 %Nb-7%Fe alloy, wholly weight %) etc. — there is an alloy represented by 
nickel radical alloy. 

[0003] However, with nickel radical alloy of such Nb addition quantity Or, elevated-temperature ductility is 
low, since hot-working nature is bad. a cracking crack and an end-face lug crack arise at the time of hot 
working, and there is a problem that the product of predetermined thickness is hard to be obtained. 
Furthermore, in the weld zone of the above-mentioned alloy, by the thermal effect, Nb is added, the 
effectiveness which stabilized [ fixed as Nb (0. N) ] Dissolution 0 and N disappears, and 0 re-dissolves 
during a crystal. For this reason, in a heat afFected zone. Or lack layer is formed near the grain boundary of 
a grain boundary deposit of Or carbide, the so-called sensitization condition arises, and the phenomenon in 
which the corrosion resistance of that part deteriorates happens. 

[0004] The alloy which adds Y 0.010 to 0.10% and improves hot-working nature is shown in 50 - 60% of 
nickel, and the alloy containing 33 - 38% of CKs) at JP.57-161043,A. However, it is quite difficult to control 
appropriately O (oxygen) harmful to hot-working nature in addition of only Y. 
[0005] 
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[Problem(s) to be Solved by tha^j^ntion] The purpose of this invention offer hot-working nature, the 
corrosion resistance in high ten^lKture hot water, the alloy excellent in iH^cially SCC-proof nature, and 
its manufacture approach. 
[0006] 

[Means for Solving the Problem] The summary of this invention is a degree. (1) (2) An alloy and (3) It is in 
the manufacture approach of those alloys. 

[0007] (1) At weight %. they are C:0.03% or less and Si. : 1.0% or less, Mn: 1.0% or less, Cr: 35-43%, 
nickel:40-57%, aluminum: 0.5% or less, Ti: Independently, respectively 0.5% or less, N:0.03% or less, calcium, 
Mg : [ 0.0004% or more, ] In the sum total 0.001 - 0.03%, and Nb : 0.1 - 3.0 % is contained, the remainder 
consists of Fe and an unescapable impurity, and it is O in an impurity (oxygen). 0.002% or less and S Alloy 
excellent in the hot-working nature which is 0.001% or less, and the corrosion resistance in high 
temperature hot water. 

[0008] (2) Above It adds to a component given in (1), and is in total at weight % further about one sort of 
Mo, W, and V, or two sorts or more. The above of which 0.5-5.0 % content is done Alloy excellent in the 
hot-working nature of (1), and the corrosion resistance in high temperature hot water. 
[0009] (3) The above characterized by terminating hot working at the temperature of at least 1 020 degrees 
C or more (1) Or the above (2) The manufacture approach of the alloy a publication. 

[0010] CI which is an ion kind with the "high temperature hot water" harmful to SCC-proof nature as used 
in the field of this invention - Temperature containing ion The water of 250 - 350 ** extent is meant. 
[0011] 

[Function] this invention persons made this invention based on the knowledge of ** of a degree - **. 
[0012] ** rather than the alloy (Cr:15-35%, Nb:0.1 0-2.0 %) shown in said JP,58-1 53763,A, by what Cr 
content is further raised for (Cr35-43%), the sensitization of a heat affected zone can be boiled markedly 
and it can mitigate. For this reason, localized corrosion, such as stress corrosion cracking, does not arise 
and corrosion resistance does not deteriorate. 

[0013] ** And the above-mentioned effectiveness improves by making Nb content and Nb/C proper. 
[0014] ** In order to raise hot-working nature, it is necessary to control O and S which are an impurity 
component to a content proper to coincidence. 

[0015] ** It is more effective to be difficult and for an affinity with Mg and S with a large affinity with O to 
carry out compound addition of the large calcium in a proper amount in Y (rare earth elements) addition as 
shown in said JP,57-161043A in order to control O and S proper. 

[0016] ** There is suitable temperature which lessens crack generating among the hot-working termination 
temperature. 

[0017] Hereafter, the reason which limited the chemical composition and hot-working termination 
temperature of an alloy of this invention as mentioned above is explained. % Mean weight %. 
[0018] C:0.03%or less C is an element which chromium carbide (Cr23C6) is deposited, is made to produce 
Cr lack layer in a grain boundary by the thermal effect in the case of welding, and brings about corrosion- 
resistant degradation. Since the corrosion resistance in the grain community where C content exceeds 
0.03% deteriorated, the content was made into 0.03% or less. 

[0019] Si, Mn : respectively 1.0% or less, each of Si and Mn is elements which act as a deoxidizer of an 
alloy, and it is required respectively to make it contain to some extent. However, a content all Since the 
weldability and cleanliness of an alloy will be reduced if it exceeds 1.0%, it is a content, respectively. It 
could be 1.0% or less. 

[0020] Cr: 35-43%Cr is an indispensable element in order to maintain SCC-proof nature. It cannot prevent 
that Cr lack layer arises that this content is 35% or less in a heat affected zone, but sensitization becomes 
remarkable. For this reason, neither stress-corrosion-cracking-proof nature nor corrosion resistance is 
securable. 

[0021] On the other hand, if it exceeds 43%, an intermetallic compound will generate and degradation of 
hot-working nature will be caused. Therefore, the range of Cr content was made into 43% or less 35% or 
more. 

[0022] nickel: 40 - 57%nickel raises the SCC-proof nature in the high temperature hot water which is an 
element effective in corrosion resistance improvement, and contains especially acid resistance and a 
chlorine ion (CI-). In order to acquire this effectiveness, nickel content needs to consider as 40% or more. 
On the other hand, although it is not necessary to establish an upper limit especially from a corrosion 
resistance viewpoint, if the content of other elements, such as Cr, is taken into consideration, considering 
as 57% is enough as the upper limit of nickel content. 

[0023] aluminum: 0.5% or less, like [ aluminum ] Si and Mn, although it is an effective element as a 
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deoxidizer, the content If it exc^|^^ 0.5%, in order to reduce the cleanline|^^ an alloy It could be 0.5% or 

[0024] Tl: 0.5%or less Ti combines with N, and is TiN. Or it is an element effective in fixing N as Ti (C, N) 
and improving hot-working nature. Ti content Since the effectiveness would be saturated if it exceeds 0.5%, 
the upper limit was made into 0.5 %. 

[0025] N;0.03%or less N is TiN if the content increases. Since the origin of pitting is easy to come while 
system inclusion increases and worsening the cleanliness of an alloy, it is necessary to control N content 
to 0.03% or less. 

[0026] Nb : With a 0.1 - 3.0 %nickel radical alloy (nickel content is 40% or more), the Nb of the fixed effect 
of C is larger than Ti. Therefore, Nb is made to contain, in order to fix C and to control generation of Or 
carbide. 

[0027] For acquiring this effectiveness, it is Nb content. It is necessary to consider as 0.1-3.0 %. 
[0028] Since Nb content becomes inadequate [ under 0.1 % / the fixed effect of Above C ], sensitization 
arises and intergranular corrosion becomes easy to happen. On the other hand, if 3.0 % is exceeded, the 
fixed effect will be saturated upwards and elevated-temperature ductility will be reduced greatly. 
Therefore, the range of Nb content It could be 0.1 - 3.0%. 

[0029] calcium, Mg: Be in 0.0004% or more and the sum total at independent, respectively, calcium and Mg 
are elements with the respectively large affinity of S and O harmful to hot-working nature 0.001 to 0.03%. 
carrying out compound content of calcium and Mg, while reducing S and O which exist in an alloy, in order 
to make hot-working nature good — S and O — respectively — CaS and MgO ****** — to fix is required. 
In order to acquire this effectiveness, calcium and Mg are independent respectively, and it is in the sum 
total of 0.0004% or more, and calcium and Mg. It must be made to contain 0.001% or more. On the other 
hand, since the effectiveness is not only saturated, but inclusion increases and the cleanliness of an alloy 
was degraded when it exceeded 0.03% in total, the upper limit of these sum total contents was made into 
0.03%. 

[0030] O (oxygen) : If the amount which exists in 0.002% or less alloy increases, it will be the element which 
degrades hot-working nature, and will control to 0.002% or less. 

[0031] S: If the amount which exists in an alloy increases like 0.001 %or less O, it will be the element which 
degrades hot-working nature, and will control below to 0.001 %. 

[0032] a grain boundary — segregating — grain boundary embrittlement — a lifting — being easy — 
calcium of the above controlling [ and ] O and S in the above-mentioned range to coincidence, and Mg — 
S and O — respectively — GaS and MgO ****** — by fixing, the cracking crack and end-face lug crack 
at the time of hot working generated in a grain boundary can be prevented. 

[0033] One sort chosen from from among the following elements if needed or two sorts or more can be 
made to contain with the alloy of this invention. 

[0034] Mo, W, V: These elements are elements effective in improvement in pitting-proof nature. In these 
elements, one sort of contents or two or more sorts of sum total contents, respectively It adds so that it 
may become 0.5 - 5.0 %. At less than 0.5%, since a surface passive state coat is not strengthened, 
sufficient improvement in pitting-proof nature cannot be desired. On the other hand, if 5.0 % is exceeded, 
this effectiveness is not only saturated, but it will degrade hot-working nature remarkably. 
[0035] Hot-working termination temperature: A 1 020-degree-C or more quantity Or quantity nickel alloy 
has high deformation resistance also in an elevated temperature, and is difficult hot working. Therefore, 
hot-working nature is sensitive to the termination temperature of processing. At less than 1020 degrees C, 
the deformation resistance of an alloy base (inside of a grain) is remarkable, and hot-working termination 
temperature is high, and as a result of the reinforcement in a grain becoming high compared with grain 
boundary reinforcement and grain boundary reinforcement's falling relatively, it becomes easy to generate 
an intercrystalline crack. 

[0036] For this reason, termination temperature of hot working was made into 1020 degrees 0 or more. 
Although especially this upper limit is not limited, since big and rough-ization of crystal grain will be caused 
and the mechanical property of an alloy will be degraded if it becomes high temperature not much, it is 
desirable to consider as 1 100 degrees C or less. 

[0037] this invention alloy contains the aforementioned component. The desirable organization of this 
invention alloy is an organization which controls the deposit of Cr23C6 to the grain boundary, and enabled 
it to prevent generation of Or lack layer near the grain boundary, and SCO generating by this. For this 
reason, it is desirable to perform suitable heat treatment. 

[0038] There are annealing for adjusting a mechanical property and heat treatment which loses Or lack 
layer given if needed after that as heat treatment of this invention alloy. 
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[0039] The temperature at the ||^^of annealing the alloy of this inventior^i^ood to consider as 1O0O- 
1200 degrees C. Annealing temfSBRure becomes [ proof stress, hardness^^ ] large beyond the need in 
tension strength at less than 1000 degrees C. On the other hand, if it exceeds 1200 degrees C, while 
crystal grain will make it big and rough remarkably, a predetermined property is no longer acquired about 
tensile strength, proof stress, hardness, etc. 

[0040] The alloy of this invention is at the temperature below 800 ** to a pan, although fully excelled in 
corrosion resistance also with such annealing. If heat treatment of 0.1 hours or more is performed, since Cr 
will be spread from the inside of crystal grain to a grain boundary and Cr lack layer near the grain boundary 
will be recovered, the grain boundary mold SCC under the alkali existence of elevated-temperature high 
concentration stops generating, even if there is a grain boundary deposit of Cr23C6. 
[0041] 

[Example] Table 1 (1) And table 1 (2) The alloy of the shown chemical composition was ingoted with the 
vacuum melting process, and it considered as the steel ingot with a 150 mm angles x die length of 1000mm. 
No.1-5 of Table 1, No.13-19, and No.24 And No.29 this invention alloy, No.6-12, and No.20-23 — and — 
No.25-28 are a comparison alloy. 

[0042] These alloys are used and they are the hot-working sex test and CI. - The inter granular stress 
corrosion crack-proof sex test in the inside of the high temperature hot water to contain was performed. 
[0043] (1) After heating the hot-working sex-test above-mentioned steel ingot at 1200 degrees C for 5 
hours, the plate with a thickness of 50mm was made between heat. The termination temperature of hot 
working of each alloy at this time is shown in Table 2. 

[0044] Thus, while investigating the existence of the crack of the front face of the obtained thick plate by 
PT (impregnating method), after cutting and grinding about a thing with a crack, the approach of breaking 
with an optical microscope and measuring the depth estimated hot-working nature. These test results are 
shown in Table 2 and drawin g 1 . 

[0045] (2) Inter granular stress corrosion crack-proof nature (SCC-proof nature) test above (1) After 
reheating a plate with a thickness of 50mm obtained at 1 200 degrees C, it hot-rolled to 7mm in thickness. 
Furthermore, the annealing back of 1 100 degrees C and 30-minute air cooling, and 700 degree C and the 
sensitization of 1 hour were performed in the argon ambient atmosphere. The strip specimen with a 2mm 
[ in thickness ] x width-of-face [ of 10mm ] x die length of 75mm produced from the plate which performed 
this sensitization was used for the SCC-proof test piece. 

[0046] SCC-proof nature is emery paper about these test pieces. After being immersed for 1000 hours 
into the high temperature hot water which bends in a U character mold, restrains with a bolt and a nut. and 
contains 3% of NaCI of 350 ** within an autoclave container after grinding by No. 320, the approach of 
measuring with an optical microscope estimated the maximum crack depth. These results are shown in 
Table 2. 

[0047] Drawin g 1 is drawing showing the effect of S exerted on the hot-tearing depth, and O content, the 
number in drawing — alloy No. of Table 1 corresponding — an axis of ordinate and an axis of abscissa — 
Wtppm It is displaying. 

[0048] S content is 10 ppm so that Table 2 and dr awi ng 1 may show. Following and O content is 20 ppm or 

less, and a content (cialcium+Mg) is 10 ppm. It is above, and with this invention alloy (No.1-5, No.13-19, 

No.24, and No.29) which made hot-working termination temperature 1020 degrees C or more, hot tearing is 

not accepted and is good. [ of the SCC-proof nature in high temperature hot water ] 

[0049] With the comparison alloy (No.6-12, No.20-23, No.28) which separates from the range which any 1 

of each contents of S, O, and (calcium+Mg) Nb or two or more appoint by this invention on the other hand. 

even if it is the case where hot-working termination temperature is 1020 degrees C or more, hot tearing 

occurs. Even if chemical composition is the range appointed by this invention, with a comparison alloy 

(No.25-27) with low hot-working termination temperature, hot tearing occurs similarly. 

[0050] If each content and hot-working termination temperature of S. O, and (calcium+Mg) are within the 

limits defined by this invention with a comparison alloy (No.28) with Nb content lower than minimum 0.1 % 

defined by this invention, although hot tearing is not generated, strongly in response to the fact that the 

effect of sensitization, corrosion resistance will deteriorate, and it is CI. - Stress corrosion cracking is 

produced in content high temperature hot water. 

[0051] 
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[Table 1 (1)] 
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[0054] 

[Effect of the Invention] The alloy of this invention is CI. - While excelling in the SCC-proof nature in 
content high temperature hot water, it has good hot-working nature. This alloy is suitable as structural 
members, such as a reactor core of the chemical processing plant put to elevated-temperature high- 
pressure water, or an atomic power plant (boiling water reactor). 



[Translation done.] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the effect of S exerted on the hot-tearing depth, and O content. 

[Translation donej 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DRAWINGS 



[Drawing 1] 
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